The immune system has co-evolved with the infectious agents that challenge it, and in response pathogens have developed different mechanisms to subvert host immunity. A wealth of evidence suggests that infections are important components in the development of a functional immune system, and understanding the modulation of the host immune system by pathogens may offer new therapeutic strategies in a non-infectious setting. We investigated how infection with the protozoan parasite Trypanosoma brucei brucei (Tbb) modulates the autoimmune response to recombinant myelin oligodendrocyte glycoprotein (rMOG) in DBA/1 mice. Mice harbouring a Tbb infection did not develop experimental autoimmune encephalomyelitis (EAE) induced by immunization with rMOG in CFA, an animal model for the human autoimmune disease multiple sclerosis. Additionally, mice infected with the parasite at the time of immunization or 1 week later developed less severe EAE than uninfected controls. Protected mice displayed a markedly diminished rMOG-specific proliferation and IFNc production in lymph node cells and had correspondingly low titres of serum anti-rMOG IgG. Antigen-presenting cells (APCs) from spleens of Tbb-infected mice presented rMOG less efficiently to rMOG-specific T cells in vitro than did splenic APCs from uninfected mice and could also inhibit antigen-specific proliferation in control in vitro cultures. This suppressive effect is at least in part due to increased release of IL-10. Transfer of splenic APCs from Tbb-infected mice into mice immunized with rMOG-CFA 7 days previously abrogated disease significantly. These findings indicate that infections can prevent autoimmunity and that APCs might be used as immunomodulants.
Introduction
The immune system is constantly exposed to infectious agents, shaping the repertoire of immunocompetent cells as well as influencing the setting in which they act. Autoimmune disorders such as multiple sclerosis (MS), rheumatoid arthritis and insulin-dependent diabetes mellitus (IDDM) develop as a result of inappropriate, self-directed immune activity. It has been hypothesized that one potential reason for the increase in frequency of such autoimmune diseases as well as of allergies in the Western World is the decreased incidence of chronic infection that results from the improvement of living standards that has taken place during the last few centuries. This hypothesis is commonly referred to as the 'hygiene hypothesis,' and has received support in both epidemiological and experimental settings (1) (2) (3) .
In the human disease MS, infiltrating immune cells cause demyelination and neuronal damage in the central nervous system. The inflammation is believed to be of autoimmune origin, even though infectious agents have been suggested to have a role in initiation of disease (4) (5) (6) . A predominating concept when discussing autoimmune responses has been the Type 1-Type 2 (T1-T2) cytokine dichotomy. Many autoimmune disorders are considered to be T1 dominated, with IFNc and tumour necrosis factor playing central roles in disease progression, while allergic responses are considered to be skewed toward a T2 profile (7, 8) . T1 immune responses, and especially presence of IFNc, have been identified as being important in MS progression (9) , although caution is warranted when applying the T1-T2 dichotomy in the human situation (10) . In concordance with this cytokine balance theory, infectious agents inducing T2 cytokines such as IL-4 and IL-10 should have a dampening effect on autoimmunity, but an accelerating effect on allergic responses. The efficacy of cytokine modulation in abrogating autoimmunity has indeed been previously demonstrated (6, 7) . However, the fact that there have been parallel increases in the incidence of allergy and autoimmunity, both predominantly in urban areas (11) , seems to question this prediction and rather indicates that reduced exposure to both T1-and T2-inducing pathogens may lead to disordered immunoregulation, leading to development of autoimmunity and allergy.
Microbial infection can impact on the course of autoimmune disease, both in disease-inducing and disease-protecting capacities. For example, epidemiological evidence indicates that rheumatic fever may follow streptococcal infection (12) and that Trypanosoma cruzi infection is the instigator of the chronic heart condition known as Chagas' disease (13) . Conversely, accumulating evidence suggests that infection may abrogate development of autoimmune pathology. In animal models, it has been demonstrated that infection with the helminth Schistosoma mansoni can inhibit development of IDDM in the non-obese diabetic (NOD) mouse (14) and experimental autoimmune encephalomyelitis (EAE) in mice (15) . Injection of S. mansoni eggs also abrogates IDDM in NOD mice (16) and EAE (17) , and in the NOD mouse even injection of soluble extracts from the eggs can lead to prevention of disease (16) . The eggs of S. mansoni are known to induce a T2-biased immune response in the host (18) , and as both IDDM in the NOD mouse and EAE are believed to be T1-mediated, it is an attractive strategy to modulate the destructive immune responses with a pathogen inducing the diametrically opposite cytokine profile. The protective effects in the studies cited are indeed believed to be caused by a T2 shift in the host's immune responses (16, 17) , but it is also argued that modulation of antigen-presenting cell (APC) activation may be important (15, 16) .
The protective effects of infections with pathogens associated with T1, rather than T2 immunity are harder to explain according to this theory. In studies of amelioration of EAE following infection with T1-inducing Mycobacterium bovis (19), the effect is reported to be caused by changed trafficking of autoreactive T cells. Similar studies of inhibition of IDDM in NOD mice (20, 21) indicate induction of anergy or deletion of the autoreactive T cells as the mechanism underlying the protective effect.
Trypanosoma brucei brucei (Tbb) is an extracellular parasite infecting cattle in sub-Saharan Africa that also induces a prominent T1 response. Infection eventually leads to potent immunosuppression of the host, a phenomenon attributed to the induction of suppressor macrophages (22) (23) (24) . In a previous study we reported that concurrent infection with Tbb can modulate the development of experimental collagen-induced arthritis (CIA), although the underlying mechanism for this parasite-induced suppression of autoimmunity was not discerned (25) . In the current study we have similarly explored the immunomodulatory effect of concurrent infection with Tbb on development of recombinant myelin oligodendrocyte glycoprotein (rMOG)-induced EAE in DBA/1 mice (26) . We found that infection with this IFNc-inducing parasite abrogated rMOG-EAE and inhibited both humoral and cellular immune responses to rMOG. We further demonstrate that this effect was due to the action of suppressor APCs induced by the infectious agent and the associated production of IL-10.
Methods

Animals
Female DBA/1 mice were purchased from Harlan (Netherlands) or bred in the animal facility at MTC, Karolinska Institute, and used at 8-12 weeks of age. They were kept in the animal facility at the Karolinska Hospital, where the conditions were specific pathogen-free, and had free access to chow and water. All experiments were performed in accordance with the approval of ethical committee Stockholm North.
Reagents
Recombinant protein corresponding to the N-terminal sequence of rat MOG (amino acids 1-125), hereafter referred to as rMOG, was expressed in Escherichia coli and purified by metal chelate chromatography as described (27) . Purified protein was dialyzed into sodium acetate (10 mM, pH 3.0) and stored at ÿ20°C. Incomplete Freund's adjuvant and heat-killed Mycobacterium tuberculosis (MT) H37Ra were purchased from Difco Laboratory (Detroit, MI, USA).
Parasites
Stock stabilates of Tbb AnTat1.1E were diluted in sterile PBS to 10 6 parasites ml ÿ1 and 50 ll of this solution was injected intraperitoneally (i.p.) into each mouse, giving a dosage of 5 3 10 4 parasites per mouse.
Induction and clinical evaluation of EAE
Mice were anaesthetized with isoflurane and injected intradermally in the tail base with 50 lg rMOG emulsified in Freund's adjuvant containing 200 lg MT per dose. Starting from day 10 post-immunization, the mice were weighed and assessed for signs of disease daily as follows: 0 = no detectable signs of disease, 1 = tail paralysis, 2 = hind limb paraparesis, 3 = hind limb paralysis, 4 = complete paralysis of hind and fore limbs and 5 = dead.
Proliferation assays
Inguinal lymph nodes were harvested from control mice or Tbb-infected mice immunized with rMOG-CFA 5 days previously. Single-cell suspensions were prepared from lymph nodes and re-suspended in DMEM medium supplemented with 10% FCS, 1 mM sodium pyruvate, 100 U ml ÿ1 penicillin and 100 lg ml ÿ1 streptomycin (all reagents from Life Technologies, Paisley, Scotland 
Antigen presentation studies
For antigen presentation studies, APCs were purified using anti-MHC II beads (MACS, Miltenyi) from spleens of control mice and mice infected with Tbb 2 weeks previously, which were subsequently seeded into 24-well plates (Nunc, Denmark) at a density of 2 3 10 6 cells per well and cultured in DMEM with the usual additives and rMOG (40 lg ml ÿ1 ) for 24 h. Cells were then washed, counted, irradiated (25 Gy) and seeded in 96-well plates at a density of 20 3 10 3 cells per well. T cells were purified from draining lymph nodes of mice immunized with rMOG-CFA 5 days previously and added to the APCs at a density of 10 3 10 4 per well. The T cells were separated using anti-Thy1 microbeads (MACS) according to instructions from the manufacturer. Briefly, cells were incubated for 15 min with 20 ll of bead preparation for every 10 7 cells, washed and applied to the separation column. The purity of the obtained cell populations was determined through flow cytometric analysis using FITC-conjugated anti-CD3 (BD, San José , CA, USA) and biotinylated anti-I-Aq (BD) followed by incubation with PE-conjugated streptavidin (Serotec, Raleigh, NC, USA).
After addition of T cells, the cultures were incubated for 72 h, with [ 3 H]TdR (Amersham International) (1 lCi per well) being added for the last 18 h of culture. Cells were harvested using a Tomtec cell harvester (Wallac Oy) and incorporated radioactivity was detected using a b-liquid scintillation counter, 1450 Microbeta Plus (Wallac Oy).
Suppression studies
For suppression studies, spleen cells from control mice and mice infected with Tbb 2 weeks previously were purified and enriched for MHC II using microbeads (MACS, Miltenyi). After separation, cells were washed, counted and seeded into 24-well plates at a density of 2 3 10 6 cells per well. Co-culture of control APCs and Tbb-APCs was set up at a 1 : 1 ratio with a final density of 2 3 10 6 cells per well. The cells were coincubated for 8 h, pulsed with rMOG (40 lg ml ÿ1 ) overnight, and then washed, counted and irradiated (25 Gy). A total of 40 3 10 3 cells were added per well to ensure that the equivalent numbers of control APCs (20 3 10 3 ) as in the control cultures would be added. T cells were purified and added as described above. Proliferation was determined through incorporation of [ 3 H]TdR as described above. For studies of the suppressive effects of supernatants, spleen cells from Tbb-infected mice were cultured in 24-well plates (2 3 10 6 cells per well) for 18 h, then supernatants were harvested, sieved through a 0.2-lm cell strainer to remove contaminating cells and added to control cultures. When indicated, supernatants were pre-incubated with either neutralizing anti-IL-10 antibody or isotype control (both BD) at a concentration of 25 lg ml ÿ1 for 1 h previous to addition to cultures. The cells were then incubated overnight, after which they were pulsed with rMOG for 24 h, harvested, washed, counted, irradiated (25 Gy) and re-seeded in 96-well plates at a density of 20 3 10 3 cells per well. T cells were purified and added as described above. Proliferation was determined through incorporation of [ 3 H]TdR as described above.
Transfer of splenic APCs
APCs were purified using anti-MHC II beads (MACS) from spleens of mice infected with Tbb 2 weeks previously. For controls, APCs were purified from mice immunized with ovalbumin peptide (OVA) at the same time point. A total number of 2 3 10 6 cells per mouse were injected i.p. into mice that had been immunized with rMOG-CFA 7 days previously.
TaqMan PCR
Inguinal lymph nodes were harvested from control mice or Tbbinfected mice immunized with rMOG-CFA 5 days previously. Cells were re-suspended in DMEM supplemented with 10% FCS and antibiotics with or without rMOG (40 lg ml ÿ1 ). After 24 h of culture at 37°C the cells were harvested, washed and total RNA was extracted according to instructions in the RNeasy Mini Kit (Qiagen) with additional incubation with DNase (Qiagen) to avoid contamination of genomic DNA. Reverse transcription was performed with 10 ll RNA, random hexamer primer (0.1 lg ml ÿ1 , GIBCO BRL) and SuperScript Reverse Transcriptase (200 U, GIBCO BRL). The mouse IFNc primers and probe were designed using Primer Express software (Applied Biosystems) avoiding contaminating genomic DNA amplification by positioning one of the primers over an exon/intron boundary, and then ordered from SGS DNA (Kö ping, Sweden). IFNc: 59-primer GCATAGATGTGGAAGAAAAGAGTCTCT, 39-primer CTGGCTCTGCAGGATTTTCAT, probe [6-carboxy-fluorescein (FAM)]-TCACCATCCTTTTGCCAGTTCCTCCAG. The probe was labelled with FAM at the 59 end as reporter dye and 6-carboxy-tetramethyl-rhodamine(TAMRA) at the 39 end as quencher dye except for the 18 S rRNA probe, which was labelled with VIC as reporter dye and TAMRA as quencher dye. Amplification was performed using TaqMan methodology with a two-step PCR protocol (pre-incubation 10 min with 95°C followed by 40 cycles of 95°C for 15 s and 60°C for 1 min) on the ABI PRISM 7700 Sequence Detector (Applied Biosystems). The ribosome 18 S unit cDNA was used as a stable endogenous control. The relative quantification was performed using the standard curve method. Standard curves were constructed using three 100-fold dilutions of standard sample (cDNA Con A stimulated mouse lymphocytes) and corresponding cycle of threshold value. The samples were run in triplicates. After computing relative amounts of cytokine cDNA and endogenous control for one sample, the final amount was represented as ratio between the relative amount of cytokine cDNA and the relative amount of endogenous control cDNA, 18 S rRNA.
Serum ELISA
Serum samples were collected day 16 post-immunization or earlier if the mice had to be sacrificed due to severe paralysis (day 12-16 post-immunization). Serum ELISA was conducted as described (26) 
Cytokine ELISA
Analysis of supernatant IFNc and IL-10 was performed using the duokit sandwich ELISA systems from R&D (Minneapolis, MN, USA) according to the protocols provided by the manufacturer.
Results
Concurrent infection with Tbb abolishes development of EAE in DBA/1 mice
We first assessed whether microbial activation of the immune system would impact on development of MOG-EAE. Mice harbouring a Tbb infection did not develop EAE upon immunization with rMOG in CFA, and mice that were coinfected with the parasites at the time of immunization or a week later developed less severe EAE than uninfected controls (Fig. 1A) . Administration of dead parasites did not have any protective effect unless mixed into the inoculum itself (Fig. 1B) . This effect is interesting in its own right and has been observed with other non-parasite antigens such as OVA (28) and keyhole limpet haemocyanin (29) . The fact that this effect can be observed with non-parasite-derived antigens makes it very unlikely that it has importance for the suppression evident with Tbb co-infection.
Infection with Tbb prevented mice from developing both cellular and humoral responses to rMOG
In vitro assays were used to establish whether the immunosuppressive effect was evident in altered cellular responses. EAE-protected mice displayed a markedly diminished antigen-specific proliferation to rMOG in inguinal lymph node cells harvested 7 days post-immunization with rMOG-CFA ( Fig. 2A) . Mice infected at day ÿ7 also displayed lower levels of IFNctranscripts in response to rMOG (Fig. 2B ) and had lower titres of serum anti-rMOG IgG than did controls, with the lowest levels of specific antibodies being recorded in mice infected 7 days prior to immunization with rMOG in CFA (Fig. 2C) .
Presentation of rMOG is compromised in APCs from Tbb-infected mice
Earlier studies have demonstrated that immunosuppression in Tbb-infected hosts is due, at least in part, to development of suppressor macrophages (22, 30) . The ability of macrophages 
signs of EAE (A). Infection on the same day as or 7 days after immunization led to milder EAE than in controls (A).
Injection of the same number of dead parasites could not abrogate disease unless added into the rMOG-CFA inoculum (B). There were five mice in each group and the data are representative of three independent experiments with consistent results. Statistical analysis was performed using the Mann-Whitney test, ***P < 0.005. Error bars represent standard deviation. Fig. 2 . Infection with Tbb suppresses both humoral and cellular responses to rMOG. Recall proliferation to rMOG was compromised in infected animals (A), both when they were infected 7 days prior to and at the same time as immunization. Levels of IFNc message in response to rMOG were lower in co-infected mice (B). Results are presented as ratio of IFNc message compared with endogenous control ribosomal RNA unit 18S. Mice infected with Tbb either 7 days before or at the same time as immunization with rMOG-CFA had lower anti-rMOG IgG titres than controls (C). Anti-rMOG IgG levels were not affected in mice infected 7 days after immunization (C). Results are presented as optical density detected at 450 nm. Statistical analysis was performed using the Mann-Whitney test, *P < 0.05. In all experiments there were 4-5 mice per group and data are representative of at least two independent experiments. from Tbb-infected mice to present rMOG to rMOG-specific T cells was thus investigated. Purified APCs from Tbb-infected mice and controls were pulsed with rMOG overnight, then washed, irradiated and seeded into 96-well plates. Purified T cells from the draining lymph nodes of mice immunized with rMOG-CFA 5 days previously were added to the cultures in a recall proliferation assay. APCs from infected mice did not induce either rMOG-specific proliferation (Fig. 3A) or IFNc production (Fig. 3B) as efficiently as those from non-infected animals. IFNc production was not detectable in non-stimulated cultures from either group (data not included).
Co-incubation with APCs from infected mice diminishes the capacity of control APCs to induce rMOG-specific responses in lymphocytes
To further elucidate the nature of the suppressor APC phenotype, we investigated the ability of Tbb-induced suppressor APCs to inhibit antigen-specific cellular recall response in vitro. Pre-incubation with APCs from Tbb-infected mice in the cell culture inhibited control APCs from inducing rMOG-specific proliferation (Fig. 4A ) and IFNc production ( Fig. 4B) when added in culture with purified rMOG-specific T cells, even though double the number of (40 3 10 3 instead of 20 3 10 3 ) APCs were used to eliminate the risk of decreased proliferation and IFNc production merely due to a dilution effect. IFNc production was not detectable in non-stimulated cultures from either group (data not included).
Secretion of IL-10 is an important component in Tbb-APC-mediated suppression of rMOG-specific responses
As reported earlier (31), Tbb infection can lead to immunosuppression through secretion of IL-10. Spleen cells from Tbbinfected mice do indeed produce more IL-10 than controls, as determined in cell culture supernatants by ELISA (Fig. 5A) . To determine if APCs from infected mice suppress immune responses to rMOG through secretion of soluble factors, we transferred supernatants from cultures of APCs from infected mice into control cultures. Transfer of supernatants did indeed inhibit the control APCs from activating rMOG-reactive T cells as determined through rMOG-specific proliferation (Fig. 5B) and IFNc production (Fig. 5C) . Pre-incubation of the supernatant with anti-IL-10 antibody abolished the suppressive effect, while pre-incubation with an isotype control antibody did not affect suppression (Fig. 5B and C) . IFNc production was not detectable in non-stimulated cultures from either group (data not included). There was a tendency, although not statistically significant, that activation in cultures where anti-IL-10 antibody had been added was not totally restored. Thus, it cannot be excluded that other factors may contribute to the suppressive effects.
Transfer of APCs from infected mice abolishes development of EAE
The capacity of Tbb-induced suppressor APCs to modify development of autoimmunity was next investigated in vivo in adoptive transfer experiments. Transfer of APCs from Tbbinfected mice into mice immunized with rMOG-CFA 7 days previously inhibited disease development significantly, while transfer of APCs from mice previously injected with OVA did not protect the mice (Fig. 6) . No parasites were detected among the cells separated for transfer, but it cannot be excluded that a small number may have been transferred. However, as the mice were continually checked for parasitaemia and tested negative, we consider the effect to be due to the transferred cells rather than to any marginal parasite contamination. These results indicate that parasite-induced suppressor APCs have the ability to abrogate an ongoing autoimmune response. Fig. 3 . Splenic APCs from Tbb-infected mice are compromised in their capacity to present rMOG. Purified APCs from control mice or from mice infected with Tbb 14 days previously were pulsed with rMOG for 24 h. Cells were then washed, irradiated and seeded in 96-well plates, after which purified T cells from draining lymph nodes of mice immunized with rMOG-CFA 5 days previously were added. APCs from the infected mice were less efficient at activating rMOG-specific T cells than control APCs both regarding proliferation (A) and IFNc production (B). Positive antibody-mediated selection of MHC IIpositive cells from Tbb-infected mice yielded populations comprising between 70 and 94% MHC II + cells as determined by FACS analysis, and similar purification from control spleens yielded populations consisting of 81-95% MHC II + cells. Selection for Thy1 + cells yielded populations of 67-97% CD3-positive cells. Statistical analysis was performed using the Mann-Whitney test, *P < 0.05, **P < 0.01. Each group contained six cultures, and results are representative of three independent experiments. Fig. 4 . APCs from infected mice suppress function in control APCs when added into the culture. When purified control APCs were coincubated with APCs from infected mice at a ratio of 1 : 1 prior to and during pulsing with rMOG, their capacity to induce rMOG-specific proliferation (A) and IFNc production (B) in rMOG-specific T cells was reduced. APC numbers added to the cultures were adjusted so that 20 3 10 3 control APCs were added. MHC II + cells were 91-95% of the purified populations. Selection for Thy1 + cells yielded populations of 95-97% CD3-positive cells. Statistical analysis was performed using the Mann-Whitney test, *P < 0.05, **P < 0.01. Each group contains six cultures, and results are representative of three independent experiments.
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Discussion
In this study, we have investigated the immunomodulatory effect of concurrent infection with Tbb on the development of rMOG-EAE. We report that infection with this pro-inflammatory cytokine-inducing parasite abrogated rMOG-EAE and inhibited both humoral and cellular rMOG-specific immune responses. We further demonstrated that this effect was due to the action of suppressor APCs induced by the infectious agent. These suppressor APCs were not only less efficient at activating rMOG-specific T cells, but could also suppress APC function in control APCs. This effect was, at least in part, due to soluble factors and especially IL-10. Finally, we demonstrated that the suppression of rMOG-EAE development could be achieved through adoptive transfer of Tbb-induced suppressor APCs.
In earlier studies, the capacity of Trypanosoma spp. to decrease responsiveness to vaccination (32, 33) , antigenspecific responses in general (22, 31) as well as autoreactive responses in CIA (25), has been described. This immunosuppression has been attributed to disparate mechanismssuppressor macrophages, which either act through production of NO, thus affecting the T cells they come into contact with (23, 24, 34) , through secretion of IL-10 (31) or an inability to effectively co-express MHC II and peptides on their surface (31) . Other studies have identified decreased secretion of NO due to altered arginine catabolism as a mechanism for suppression, generating a phenotype called 'alternatively activated macrophages' that characterizes late stages of infection with a genetically modified variant of Tbb (35) . In general, NO has been associated with immunosuppression during the early stages of infection, with other less wellcharacterized mechanisms being more important in later stages (36, 37) . In our study, we could attribute the immunosuppressive effect to parasite-modulated APCs, detect elevated levels of IL-10 in cultures containing APCs from infected mice and could also conclude that the elevated levels of IL-10 were important for induction of the recorded immunosuppression.
It has previously been determined that antigen uptake is not compromised in APCs from infected mice (31), leading to the conclusion that parasite antigens competing with the MOGpeptides for binding to the MHC II could be partially responsible for the lower recall proliferation in cultures in which APCs from infected mice are used.
However, the impaired capacity to present rMOG to rMOGspecific Tcells cannot account for the suppressive effect of the APCs from infected mice when added to other recall cultures. This effect was determined to be caused by soluble factors and primarily IL-10. This cytokine was first described as a factor inhibiting T1 responses (38) and has since been identified as an important immunoregulatory cytokine affecting activation and effector function of T cells and APCs (39) . In experiments in vivo, IL-10-deficient mice develop more severe EAE while transgenic mice over-expressing IL-10 under the CD2 promoter are protected (40) , and administration of IL-10 during the initial phases of the immune response and disease mitigates EAE development (41, 42) . Transgenic expression of IL-10 under the MHC II promoter protects mice from developing EAE upon immunization with spinal cord homogenate (43) . As over-expression in this case is specific for APCs, it indicates how important the levels of IL-10 in the APCs are for disease progression.
The concept of modulating immune responses to selfantigens by infecting the host with various pathogens has been investigated in recent years. Observations of impaired vaccination efficiency in populations afflicted by Nippostrongylus infections, and of how vaccination efficiency was restored after anti-parasite treatment (44) elegantly demonstrate this modulating effect. Another groundbreaking finding is the immunomodulatory efficacy of administration of Trichuris suis eggs to patients suffering from IBD, leading to amelioration of their symptoms (45) . The focus of such investigations has mainly been on possibilities of skewing the T1-T2 responses in a favourable direction, based on the idea that many autoimmune disorders are associated with T1-biased responses. As this concept has attracted more and more criticism (8) , and investigators have questioned whether the T1-T2 dichotomy really is a fruitful concept when trying to understand human MS pathology (10), the concept of how infections may influence autoreactivity has also been modified (2) . Although there is convincing evidence for a protective effect of conventional T2 cytokine skewing using parasites in mouse EAE (17) and NOD mouse IDDM (16) , there are additional findings playing down the importance for T2 cytokines, favouring other means of modulation. In studies of NOD mouse IDDM for instance, Martins and co-workers reported that administration of T1 inducer Mycobacterium avium could abrogate development of disease through induction of T1 immunity (20, 21) , and Sewell and co-workers discovered that infection with M. bovis (19) can abrogate development of EAE in mice through influencing localization of pathogenic T cells in the host. The same authors also found that administration of heat-killed MT, the classical component used in CFA to induce T1 immunity, could mitigate EAE development (46) .
An interesting immunoregulatory perspective is that presented by Barthlott and co-workers (47) , suggesting that regulation of autoreactive T cells can be achieved by any activated T cells without the need for expression of mediators classically associated with regulatory T cell function. The notion that regulation could be in large part a question of homeostasis within the immune system and that a first step in preventing autoreactivity would be to have enough nonpathogenic T cells dividing to compete with the autoreactive ones for common resources is very attractive and much in concordance with the hygiene hypothesis.
In recent years, epidemiological investigations as well as applied studies in animal models and patients have suggested that infections may have a modulating effect on the development and perpetuation of autoimmune responses. Once elucidation of the immunological mechanisms underlying modulation are characterized and protocols established for their duplication in vitro, then new therapies can be established that mimic this fascinating natural immunoregulation.
